Streamflow data for adjacent basins, rainfall data, and, in two cases, flood-profile data were used in conjunction with streamflow data subsequently collected on Wheeling Creek to provide estimates of peak discharge for the seven floods that occurred from February 1979 through June 1981. Estimates of recurrence intervals were assigned to the peak discharges on the basis of regional regression equations that relate selected basin characteristics to peak discharges with fixed recurrence intervals. These estimates indicate that a statistically unusual number of floods with recurrence intervals of 2 years or more occurred within that time period.
Three cross sections located on Wheeling Creek and four located on tributaries were established and surveyed quarterly for approximately 2 years. No evidence of appreciable stream-channel fill or scour was observed at any of the cross sections, although minor profile changes were apparent at some locations. Attempts were made to obtain historical cross-section profile data for comparison with current cross-section profiles; however, no usable data were found.
Excavations of stream-bottom materials were made near the three main-stem cross-section locations and near the mouth of Jug Run. The bottom materials were examined for evidence of recently deposited sediments of mining-related origin. The only evidence of appreciable mining-related sediment deposition was found at Jug Run, and, to a lesser extent, at one main-stem site.
INTRODUCTION

Background
On February 26, 1979 , August 11, 1980 , and April 12, 1981 , damaging floods occurred in the Wheeling Creek drainage basin, which is located primarily in Belmont County, Ohio ( fig. 1 ). In addition, four less severe floods occurred in the basin during the 29 months from February 1979 through June 1981. Because of the recent frequency with which damaging floods have occurred, local residents and officials became concerned about factors that could have increased the frequency of out-of-bank flooding, as well as ways in which future flood damages might be alleviated.
Some residents believe that the frequency of damaging floods has increased recently because of a decrease in stream conveyance caused by rapid deposition of sediments originating from abandoned surface mines in the basin. In response to these concerns, a study was undertaken by the U.S. Geological Survey, in cooperation with the .Ohio Department of Natural Resources, to assess the flooding and sedimentation problems in the basin.
Purpose and Scope
The objectives of this report are to (1) discuss the estimation of peak discharges and recurrence intervals for the 1979-81 floods in the Wheeling Creek basin; (2) provide information on current and historical mining-related stream-channel fill or scour; and (3) describe storm-period subbasin contributions to the sediment load in Wheeling Creek. The operation of a streamflowgaging station located near the mouth of Wheeling Creek also is discussed. The data upon which this report is based consist of surveyed flood profiles for the two most severe floods; streamflow data collected from Captina and Short Creeks, two adjacent gaged streams; precipitation records for storms corresponding to each of the seven floods; and streamflow, sediment, bottom-material, and cross-section data collected on Wheeling Creek from November 1982 through July 1984. 
FLOODING IN WHEELING CREEK BASIN
In order to assess the influence of climate on the frequency of recent channel overflows, streamflow and precipitation data for the area surrounding Wheeling Creek were analyzed to provide estimates of the magnitudes and statistical characteristics of the seven floods that occurred from February 1979 through June 1981. Of primary concern were estimates of the recurrence intervals. A recurrence interval is a statistical measure of the likelihood that an event, such as a flood of a given magnitude, will be equaled or exceeded within a given time period. Flood-recurrence intervals generally are reported in terms of years. For example, a flood with a 10-year recurrence interval is likely to be equaled or exceeded in magnitude at intervals averaging 10 years in length.
Discharge data were not collected on Wheeling Creek during the Feburary 1979 through June 1981 period; consequently, it was necessary to estimate those flood-peak discharges by other means. These estimates were made by (1) establishing a streamflow-gaging station on Wheeling Creek so that peak discharges on Wheeling Creek could be correlated with peak discharges measured at gaging stations on Short and Captina Creeks, two adjacent streams for which long-term streamflow data have been gathered; (2) estimating peak discharges for Wheeling Creek for the floods that occurred from 1979 through 1981 from surveyed flood profiles, precipitation data, and streamflow data collected during that period at the Captina and Short Creek gaging stations; and (3) assigning approximate recurrence intervals to the estimated peak discharges using published regional regression equations for estimating various recurrehce-interval peak discharges as a guide.
Peak discharges occurring on Wheeling Creek during the August 11-12, 1980, and April 12, 1981 , floods were estimated from flood-profile data gathered by the U.S. Army Corps of Engineers. Peak-discharge estimates were obtained by comparing water-surface elevations at the current location of the streamflow-gaging station with an extended stage-discharge relation subsequently developed for that station.
Peak discharges for the remaining five floods were estimated from streamflow data collected during the flood periods for Captina and Short Creeks. Scatter plots of instantaneous peak discharges measured at the Wheeling Creek gage and the Captina and Short Creek gages were prepared. Comparison of the 1979-81 floodpeak discharges measured at Captina and Short Creeks with best-fit lines on the scatter plots yielded two sets of estimated floodpeak discharges for Wheeling Creek. The estimates derived from the Short Creek scatter plot were given more weight in selecting a single, final estimate because the Short Creek basin is closer geographically and more similar in size and land-use characteristics than is the Captina Creek basin.
Precipitation totals compiled for six National Weather Service reporting stations surrounding the Wheeling Creek basin ( fig. 1 ) were considered to ensure that the discharges assigned to the seven Wheeling Creek flood events were plausible with respect to the magnitudes and distribution of rainfall for the seven storms associated with the floods. For five floods, the stormrainfall total exceeded 2.5 inches at one or more of the six precipitation stations near the study area (table 1). For that geographic region, a 2.5-inch rainfall in a 24-hour period is expected to be equaled or exceeded in magnitude once every 2 years on the average (U.S. Department of Commerce, 1961) . Antecedent conditions were a primary influence on the two other floods. Rainfall on snow resulted in the flood of February 26, 1979, whereas the flood peak of June 9-10, 1981, was higher than might be expected due to near saturation of soils by the storm of June 6.
Recurrence intervals were assigned to the estimated peak discharges on the basis of a flood-recurrence interval curve prepared for Wheeling Creek using the regional regression equations developed by Webber and Bartlett (1977) . The regional regression equations relate certain basin characteristics to peak discharges with recurrence intervals of 2, 5, 10, 25, and 100 years. Estimated recurrence intervals for the 1979-81 floods for Wheeling, Captina, and Short Creeks are presented in table 2. To check the accuracy of the regional equations, peak discharges for various recurrence intervals were computed for Captina and Short Creeks and compared with estimates for those stations based on statistical analysis of long-term streamflow records. The differences between regression-derived estimates and the estimates prepared from the long-term streamflow records were within the reported standard errors for the regression equations.
It is apparent from table 2 and from the definition of recurrence interval that the 1979-81 period contained a statistically unusual number of significant floods. Consequently, any perceived increase in the frequency of channel overflow may possibly have been due to this statistical anomaly, and would not necessarily have been related to any loss in the channel's flood-carrying capacity.
SEDIMENTATION IN WHEELING CREEK BASIN
Changes in Cross-Section Profiles Six cross sections were established and surveyed in June 1982, and an additional cross section was established and initially surveyed in October 1982. These seven cross sections were surveyed quarterly until July 1984 for a total of seven or eight surveys at each site. The surveys were made using a tag line to establish consistent stationing and a surveying level and rod to establish elevations from permanent reference marks. Sources of historical cross-section data were searched with little success. One cross section was found that had been surveyed by the Ohio Department of Transportation in 1968, however, stationing information was not sufficiently detailed to permit comparisons.
During this study no significant fill or scour of the stream channel was evident at any of the cross sections, although minor profile changes are apparent at some cross sections. This suggests that channel conveyance was not changing significantly as a result of changes in cross-section geometry. However, no major flood events occurred in the basin during the study period, and it is during such events that large-scale changes in channel geometry are most likely to occur.
Figures 5 to 11 show only those cross-section surveys where measurable changes occurred, as well as the first and last surveys of each section. Figure 12 , in contrast, is an example of a cross-section profile plot (Fall Run above Crescent) showing profiles from all the surveys made at that site during the 2-year study.
Channel-Bed Excavations
Excavations of the Wheeling Creek stream bottom were made on July 12 and 13, 1984, to obtain information on the physical nature of the sediment deposits. In general, high percentages of coal and angular rock fragments in bottom materials indicate recent sediments from mining operations (C. R. Hupp and W. R. Osterkamp, U.S. Geological Survey, oral commun., 1984). Excavations were made near each of the cross-section sites on the main stem of Wheeling Creek ( fig. 4 ) and near the mouth of Jug Run, which enters Wheeling Creek between Maynard and Crescent. Stream-bottom materials excavated with shovels were examined for coal content, angularity, and size.
The excavations yielded additional information on the nature of the stream-bottom materials. At Lafferty, the top 12 to 18 inches of the bed material consisted mostly of coal and angular rock fragments. At a depth of about 18 inches, a clay layer was found. Bedrock was 3 to 4 feet deep. At both Maynard and Goosetown, the bed material consisted almost totally of rounded cobbles down to a depth of about 3 feet. The excavation at Jug Run shows evidence of considerable mining-associated sediment deposition as indicated by a high proportion of angular rock fragments down to a depth of about 3 feet, the limit for hand digging.
The only evidence of appreciable mine-related sediment deposition was found in Jug, Run and, to a lesser extent, at Lafferty. Maynard and Goosetown have "normal" stream-bottom materials, that is, rounded cobbles and pebbles. 
Sediment Loads During Storms
Suspended-sediment samples, discharge measurements, and bedload samples were collected at four sites during four separate storm events. In contrast to suspended sediments, which are sediments transported in suspension, bedload is defined as sediments moving on or near the bed by saltation, rolling, and sliding.
The locations of the four sediment-event sites were chosen in order to divide the basin into four parts with approximately equal areas. In this way, the parts of the basin that delivered the most sediment to the sampling point could be determined. The cumulative drainage areas for the four sites are Bannock, 23.6 mi2 ; Fairpoint, 50.9 mi 2 ; Barton, 84.8 mi 2 ; and Blaine, 104 mi 2 . The site at Fairpoint was moved to the next bridge downstream for the last event on December 12, 1983, because of construction at the original site. The cumulative drainage area for the relocated Fairpoint site is 57.9 mi 2 . Samples were collected May 2, May 22, October 23, and December 12, 1983.
Water-surface elevations were plotted against suspendedsediment concentrations, and a continuous concentration curve was drawn to fit. When necessary, days were subdivided using standard techniques for sediment analysis (Porterfield, 1972) . A stage-discharge relation developed for each site from currentmeter measurements was used to determine the discharge for each subdivision. From these data, a suspended-sediment load was determined for each event day at the four sites.
Bedload samples collected at the event sites were analyzed, and a bedload transport rate was determined. A bedload transport curve then was estimated, and total bedload for the day computed using techniques described by Graf (1983) . This was added to the suspended-sediment load to obtain an approximate total sediment load for the event.
Some error is introduced if suspended-sediment load and bed load are added to arrive at a total sediment load (W. P. Carey, U.S. Geological Survey, written commun., 1980); however, bedload comprised less than 2 percent of the total load in all cases, and was near zero in many cases. Because the summed loads are used only for comparative purposes, total loads estimated in this manner were considered acceptable for purposes of this study.
Bedload samples were collected with a Helley-Smith-*-bedload sampler, either hand held or suspended from a bridge crane. Two transverses of twenty equally spaced intervals were sampled whenever possible.
1 Bedload sampler developed by the U.S. Geological Survey and described by Helley and Smith, 1971. Suspended-sediment samples were collected with DH-482 samplers when the stream could be waded, and with D-59 or D-49 samplers suspended from a rope or bridge crane when wading was impossible (Guy and Norman, 1970) . The equal-width-increment method was used.
Results of analyses of suspended-sediment and bedload samples collected during storm events are shown in table 3. Values for incremental discharge (the discharge gained between a site and the last measured upstream point) and for the incremental sediment yield (the sediment load, in tons, gained between a site and the last measured upstream point divided by the incremental drainage area, in square miles) were computed and compared to determine which parts of the basin were yielding the most sediment.
During all four storms, the event site at Blaine (see fig. 4 ) had the highest incremental sediment yield. This indicates that intervening drainage between Blaine and Barton contributed the most sediment to the stream on an area-weighted basis. Because the lower part of the basin is primarily forested and has not been extensively surface mined, it is probable that the major sources of sediment are waste piles (which border the stream) left over from former deep mining and coal processing. A coal-separation analysis of bed-load material sampled on April 15, 1983, at Blaine revealed that 13.8 percent of the sample consisted of coal particles. In contrast, a bedload sample collected at Barton on the same day consisted of 6.4 percent coal particles. The coal-separation analyses were performed by the U.S. Geological Survey laboratory in Atlanta using standard techniques (Guy, 1969) .
DATA OBTAINED AT THE GAGING STATION
The streamflow gaging station (Wheeling Creek below Blaine, station number 03111548) was established in November 1982. Continuous gage-height data were collected, as were daily suspendedsediment samples; additional suspended-sediment samples were collected during times of high flow. Water-discharge records were computed by standard methods (Kennedy, 1983) .
Daily suspended-sediment records were computed on the basis of automatically collected daily suspended-sediment samples and samples collected manually during storm events. Suspendedsediment load was computed using a mean discharge determined for each day. For days with rapidly changing gage heights, sediment loads were calculated by the method of subdivision (Porterfield, 1972) .
Depth-integrated samplers developed by the U.S. Geological Survey and described by Guy and Norman, 1970. Data for the gage have been published by the U.S. Geological Survey since December 1982 (Shindel and others, 1984) . Mean daily discharges for the part of the 1983 water year during which the gage was in operation are shown in table 4 (at back of report). Sediment records for the part of the 1983 water year during which the gage was in operation are shown in table 5 (at back of report).
Future records from this station will be published in the U.S. Geological Survey's annual water-data reports for Ohio.
SUMMARY AND CONCLUSIONS
The U.S. Geological Survey undertook a project in cooperation with the Ohio Department of Natural Resources to investigate factors associated with what is described by residents of the Wheeling Creek basin as a recent increase in the frequency of out-of-bank flooding. Specifically, this report (1) discusses the estimation of peak discharges and recurrence intervals for the 1979-81 floods in the Wheeling Creek basin; (2) provides information on current and historical mining-related streamchannel fill or scour; and (3) discusses storm-period subbasin contributions to the sediment load in Wheeling Creek.
Peak-discharge recurrence intervals were estimated for seven floods that occurred on Wheeling Creek from February 1979 through June 1981. A statistically unusual number of significant floods was found to have occurred within that time period on Wheeling Creek, as well as on the adjacent Captina and Short Creeks.
Cross-section profiles were surveyed quarterly at seven locations in the Wheeling Creek basin. No evidence of appreciable channel scour or fill was observed at any of the cross sections, although minor profile changes were apparent at some locations. These results may not be representative of the long term because no large floods occurred during the study period. Attempts were made to obtain historical cross-section profile data for comparison with current cross-section profiles, however, no usable data were found.
Excavations of stream-bottom materials were made near the three main-stem cross-section locations and near the mouth of Jug Run, which enters Wheeling Creek between Maynard and Crescent. The bottom materials were examined for evidence of recently deposited sediments of mining-related origin. The only evidence of appreciable mine-related sediment deposition was found at Jug Run and, to a lesser extent, at Lafferty.
Suspended-sediment samples, discharge measurements, and bedload samples were collected at four sites during four separate storm events. Approximate incremental sediment yields were computed so that subbasin contributions of sediment could be compared. The Blaine event site consistently displayed the highest incremental sediment yield indicating that the intervening drainage between Blaine and Barton contributed the most sediment on an area-weighted basis. Particle analyses of bedload samples along with consideration of current land use suggests that probable major sources of sediment in that area are waste piles (which border the stream) left over from former deep mining and coal processing.
In summary, the number of floods that occurred from February 1979 through June 1981 with 2-year or greater recurrence intervals was greater than would be statistically expected on the average, which possibly accounts for any perceived increase in the frequency of out-of-bank flooding. No evidence was found to substantiate the hypothesis that the stream channel is now rapidly filling, nor in general is there evidence of appreciable fill in the recent past that can be directly associated with mining activities. Consequently, there is no current evidence that the stream has recently experienced a reduction in flood-carrying capacity due to mining-related sediment deposition. Of the areas studied, the intervening area between Blaine and Barton appears to contribute the most sediment to Wheeling Creek on an area-weighted basis. Probable major sources of sediments in that area are waste piles that border the stream. 
